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Abstract
AIM: The generation of oxygen free radicals has been
implicated in the pathogenesis of experimental pancreatitis.
The aim of this study was to determine the role of oxygen
free radicals in patients with acute pancreatitis.
METHODS: The plasma levels of C-reactive protein (CRP),
lipid peroxide (LPO), myeloperoxidase (MPO) and superoxide
dismutase (SOD) were measured in 13 patients with acute
pancreatitis and 14 healthy volunteers.
RESULTS: Among the patients with acute pancreatitis, there
were higher plasma levels of LPO and MPO and lower SOD
activity in patients with severe pancreatitis than in those
with mild pancreatitis. However, there was no significant
difference in the serum marker of oxidative stress no matter
what the etiology was. The LPO level was especially correlated
with the concentration of serum CRP and CT severity index.
CONCLUSION: The oxygen free radicals may be closely
associated with inflammatory process and the severity of
acute pancreatitis. Especially, the concentration of plasma
LPO is a meaningful index for determining the severity of
the disease.
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INTRODUCTION
Oxygen free radicals are molecules produced continuously in
cells by several mechanisms. The generation of oxygen free
radicals is physiologic. In most circumstances, oxygen free
radicals are neutralized immediately by enzymatic scavengers.
However, when formation of oxygen free radicals overwhelms
radical neutralization in cells, oxidative stress occurs. As they
are very reactive, they react well with all biological substances
such as proteins, polysaccharides and nucleic acids, resulting
in tissue injury[1-3]. It has been suggested that oxygen free
radicals are responsible for a wide variety of diseases or
conditions[1,4-8].
      Oxygen free radicals have been known to play an important
role in the pathogenesis of pancreatitis of some experimental
models[6-12]. Oxygen free radicals are involved in initiation of
pancreatitis[11]. Also, it was reported that oxygen free radicals
acted as important mediators of tissue damage in experimental
acute pancreatitis[10]. Therapeutic effects of antioxidants and
radical scavengers have been shown in experimental models
of acute pancreatitis[11,13,14].
      However, there is doubt that experimental models of acute
pancreatitis will match clinically acute pancreatitis in humans.
Although there were some data that reflected enhanced oxygen
stress in patients with acute pancreatitis[15-17], the role of oxygen
free radicals in patients with acute pancreatitis has not been
well clarified.
      Therefore, this study was conducted to evaluate the role of
oxygen free radicals in human acute pancreatitis and to analyze
the correlation between oxygen free radicals and the severity
of acute pancreatitis.
MATERIALS AND METHODS
Patients
Thirteen patients admitted to Medical Center of Yonsei
University with a diagnosis of acute pancreatitis were included
in this study. The diagnosis was established on the basis of
acute abdominal pain, at least 3-fold elevated levels of serum
amylase and computed tomography (CT). All patients had no
previous history of acute pancreatitis. Fourteen healthy subjects
without previous medical history were enrolled as controls.
The mean age was 53.6 years in patients and 32.5 years in
control group. The male to female ratio was 11:2 in patients
and 10:4 in control groups.
Measurement of oxygen free radicals
Peripheral blood samples were taken on recruitment. After the
blood was centrifuged, the plasma was stored at -70  until
analysis. The blood samples of control group underwent the
same process. C-reactive protein was measured by the routine
method. Serum lipid peroxide (LPO) and myeloperoxide
(MPO) as markers of oxygen free radicals were measured. Also
the activity of superoxide dismutase (SOD) that diminished in
oxidative stress due to its role as enzymatic scavenger was
measured.
Lipid peroxidation
LPO was analyzed by measuring the amount of thiobarbituric
acid reactive substances (TBARS). It was preceded that the
standard solution was prepared by diluting 1 000 nmol/ml
tetraethoxy propane, which was made by mixing with
tetraethoxy propane and tertiary distilled water. Tertiary
distilled water was used as blank solution. Plasma, blank,
and standard solution 200 mL, respectively, were mixed with
20 % acetic acid. TBARS resulted from the reaction with
thiobarbituric acid (TBA) 400 mL, was detected as reading
fluorescence at 535 nm emission. The result was compared
with standard curve.
Myeloperoxidation
MPO was analyzed as a marker of neutrophil activation by
Bioxytech® MPO enzyme immunoassay kit (OXIS International
Inc., Portland, USA). This assay detects the fluorescence of
solution at 405 nm emission using sandwich enzyme-linked
immunosorbent assay (ELISA) against biotin-labeled goat
polyclonal anti-MPO.
Superoxide dismutase
SOD activity was measured by using Bioxytech® SOD-525TM
assay kit (OXIS International Inc., Portland, USA). This assay
detects the fluorescence of solution at 525 nm, based on the
principle that autoxidation of tetracyclic cathechol accelerates
in condition of SOD.
Other parameters
To determine the severity and prognosis of acute pancreatitis,
the level of C-reactive protein (CRP) in serum was used for a
single indicator, Ranson’s score for multiple indicator, and
CT severity index[18] for morphological indicator. Atlanta
classification[19] was used as a main determining index for the
severity of acute pancreatitis.
Statistical analysis
We used chi-square test and independent sample t-test for
comparison in each group. A P value less than 0.05 was
considered significant.
RESULTS
Levels of oxygen free radicals
The mean plasma level of LPO was 21.9±26.5 nmol/ml in acute
pancreatitis and 5.7±1.7 nmol/ml in control group (P=0.030).
Also, the mean plasma level of MPO was 12.3±11.7 nmol/ml
in acute pancreatitis and 2.7±1.2 nmol/ml in control group
(P=0.005). Oxygen free radicals significantly increased more
in acute pancreatitis patients than in control group. The mean
level of SOD activity was 48.2±41.4 U/dl in acute pancreatitis
patients and 100.4±20.2 U/dl in control group (P=0.002). The
decrease of SOD activity was more prominent in acute
pancreatitis than in control group (Table 1).
Table 1  Laboratory parameters in patients with acute pancre-
atitis and control group
Parameters    Control      Acute pancreatitis       P-value
    (n=14)     (n=13)
Amylase (IU/dL) 141.9±179.3 393.3±243.1         0.005
LPO (nmol/mL)     5.7±1.7   21.9±26.5         0.030
MPO (nmol/mL)     2.7±1.2   12.3±11.7         0.005
SOD (U/dL) 100.4±20.2   48.2±41.4         0.002
Values are means ± SD, LPO = lipid peroxide, MPO =
myeloperoxidase, SOD=superoxide dismutase.
Oxygen free radicals according to etiology of acute pancreatitis
The etiologies of acute pancreatitis were gallstone (n=5), alcohol
(n=4), hyperlipidemia (n=1), and unexplained (n=3). Comparing
gallstone pancreatitis patients with alcohol induced pancreatitis,
the plasma levels of CRP, LPO, MPO, and SOD showed no
significant differences between the two groups (Table 2).
Association with severity of acute pancreatitis
According to the Atlanta classification, acute pancreatitis was
classified as mild in 8 patients and as severe in 5 patients
based on their clinical manifestations. There were no
differences of age and sex between the two groups (Table 3).
The mean level of serum CRP in patients with severe pancreatitis
was higher than the one in patients with mild pancreatitis
(12.3±9.0 mg/dl vs 6.7±4.5 mg/dl, P=0.311). The mean level of
SOD activity more markedly decreased in patients with severe
pancreatitis than in patients with mild pancreatitis (27.3±15.4
U/dl vs 65.7±49.2 U/dl, P=0.130).
Table 2  Laboratory parameters according to etiology of acute
pancreatitis
Paramerters              Gallstone      Alcohol     P-value
           group (n=5)   group (n=4)
Age (years) 55.4±19.7     44.5±14.2       0.368
Amylase (IU/dL) 364.6±271.9    366.5±252.5       0.992
Lipase (IU/dL)          10 004.0±15873.2 6 035.8±8,265.2       0.646
CRP (mg/dL)     6.0±2.5      12.3±9.8       0.296
LPO (nmol/mL)   15.6±10.5      38.7±45.1       0.385
MPO (nmol/mL)   11.3±15.3      15.5±14.3       0.689
SOD (U/dL)   59.2±49.3      21.0±17.1       0.171
Values are means ±SD, LPO = lipid peroxide, MPO =
myeloperoxidase, SOD = superoxide dismutase.
Table 3  Clinical characteristics of patients with acute pancre-
atitis classified according to Atlanta classification
            Mild group           Severe group
No. of cases        8        5
Age (years) 53.5±17.1 53.8±15.7
Sex (M:F)      7:1      5:1
Etiology
Gallstone        2        3
Alcohol        2        2
Others*        4        0
No. of mortality        0        0
*One case was due to hyperlipidemia and 3 cases were
idiopathic.
Table 4  Laboratory parameters in patients with mild and se-
vere pancreatitis according to Atlanta classification
Parameters Mild group  Severe group        P-value
     (n=8)           (n=5)
Amylase (IU/dL) 374.7±252.4      423.0±253.1          0.745
Lipase (IU/dL)          10 082.8±12 565.6 30 008.0±3 314.9         0.167
CRP (mg/dL)     6.7±4.5        12.3±9.0           0.311
LPO (nmol/mL)   11.5±6.8        38.7±38.1           0.068
MPO (nmol/mL)     7.5±4.1        20.1±15.4           0.053
SOD (U/dL)   65.7±49.2        27.3±15.4           0.130
Ranson’s score     1.4±0.7          2.8±1.9           0.177
CT severity index     2.0±1.1          5.8±3.1           0.008
Values are means ±SD, LPO = lipid peroxide, MPO =
myeloperoxidase, SOD = superoxide dismutase.
     The mean plasma levels of LPO and MPO were higher in
patients with severe pancreatits than those in patients with mild
pancreatitis (LPO: 38.7±38.1 nmol/ml vs 11.5±6.8 nmol/ml,
P=0.068, MPO: 20.1±16.1 nmol/dl vs 7.5±4.1 nmol/dl, P=0.053).
The significant difference was for CT severity index between
the two groups (5.8±3.1 in severe pancreatitis, 2.0±1.1 in mild
pancreatitis, P=0.008) (Table 4). To analyze the relationship
between oxygen free radicals and CT severity index, serum
CRP that is widely used as an index for severity of pancreatitis,
plasma LPO showed a close correlation with CT severity index
and serum CRP (r2=0.373, and 0.675, P=0.027, and 0.001,
respectively) (Figure 1). Plasma MPO showed a close correlation
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with CT severity index but not with serum CRP (r2=0.319 and
0.202, P=0.044 and 0.143, respectively) (Figure 2). But SOD
activity showed no significant correlation with either CT
severity index or serum CRP (r2=0.026 and 0.307, P=0.638
and 0.096, respectively ) (Figure 3). CT severity index was
correlated with serum CRP and Ranson’s score (r2=0.334 and
0.382, P=0.049 and 0.024, respectively).
Figure 1  Relationships between serum levels of LPO and prog-
nostic indices (CRP and CT severity index). There was a statis-
tically significant correlation between LPO levels with CRP and
CT severity index (g2=0.675 and 0.373, P=0.001 and 0.027,
respectively).
Figure 2  Relationships between serum levels of MPO and prog-
nostic indices (CRP and CT severity index). There was no sta-
tistically significant correlation between MPO level and CRP
(g2=0.202, P=0.143). However, MPO level correlated positively
and significantly with CT severity index (g2=0.319, P=0.044).
Figure 3  Relationships between serum enzymatic activity of
SOD and prognostic indices (CRP and CT severity index). There
was no statistically significant correlation between serum SOD
concentrations and CRP and CT severity index (g2=0.307 and
0.026, P=0.096 and 0.638, respectively).
DISCUSSION
Acute pancreatitis led to various degrees of interstitial edema,
acinar cell damage, hemorrhage and necrosis[8]. Although the
inflammation initiates in pancreas, the disease may lead to
systemic multi-organ failure. Several factors (complement
activation, cytokines, oxygen free radicals, ischemia, and
autodigestion of pancreatic enzyme) have been known to be
involved in the pathogenesis of acute pancreatitis. But the role
of these factors remains still unclear. Among them, oxygen
free radicals could damage extracellular tissue by degrading
hyaluronic acid and collagen in the intercellular matrix and
directly attack biological membrane through the peroxidation
of structurally and functionally important lipids [20].
Furthermore, they could denature enzymes and other important
proteins, and damage nucleic acid. In addition, they could
indirectly trigger the accumulation of polymorphonulclear
(PMN) leukocyte in the tissue. Activated PMN leukocytes
could secrete various enzymes such as myeloperoxidase,
protease, and elastase[21]. As a result, the inflammatory reaction
accelerated. Also, oxygen free radicals could indirectly
stimulate arachidonic acid metabolism with increased
production of prostaglandins, thromboxane, and leukotrienes,
and eventually could lead to microcircular derangement and
cellular damage[2,15].
     There are some reports concerning mechanisms of enhanced
production of oxygen free radicals. Xanthine oxidase, PMN
leukocyte, and cytochromes P-450 have been introduced as
the source of oxygen free radicals[3,12]. However, the true
sources of oxygen free radicals that are responsible for the
pathogenesis of acute pancreatitis have not yet been identified.
Since the first study by Sanfey et al[9], many studies have
demonstrated the role of oxygen free radicals in the
pathogenesis of acute pancreatitis in experimental models and
patients. Oxygen free radicals have been known to mediate an
important step in the initiation of acute pancreatitis[11]. But
most results have been derived from experimental animal models
in which acute pancreatitis was induced by stress, cerulein
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injection, choline-deficient diet, or taurocholate injection into
pancreatic duct. Only a few data have been derived from
patients. Furthermore, there are many limitations on studying
patients with acute pancreatitis in clinical settings.
     Because of the nature of their high reactivity, oxygen free
radicals are difficult to measure directly. Direct measurement
of oxygen free radicals with electron spin resonance (ESR)
technique was limited to in vitro studies due to short half time
of free radicals and toxicity of compounds[22]. For these reasons,
the alternative of measuring stable metabolites was met with
broad acceptance. In most studies, measurements of the effects
of radical reaction with biological substances (i.e., lipid
peroxides and changes of glutathione metabolism) have
replaced the assessment of oxygen free radicals.
      In acute pancreatitis patients, increased production of lipid
peroxidation, decreased level of vitamin C, and direct
correlation between oxidative stress and severity of acute
pancreatitis have been reported[15-17]. Equally, our results
showed that plasma levels of LPO and MPO increased more in
acute pancreatitis patients than in normal control group, and
that increase of LPO and MPO was more prominent in severe
pancreatitis than in mild pancreatitis, and that SOD activity,
as a scavenger of oxygen free radical, was lower in acute
pancreatitis patients than in normal control group. From these
results, we can suggest that oxygen-derived free radicals play
a pivotal role in the pathogenesis of acute pancreatitis in
patients. In our study, it was probable that lipid peroxidation
was correlated with severity of acute pancreatitis. There was a
close correlation of lipid peroxidation with serum CRP and
CT severity index. Therefore, there is some possibility that
LPO could be a predictor of severity of acute pancreatitis.
Similarly it was shown that lipid peroxidation was significantly
increased in patients with septic shock[23]. In contrast, Abu-
Zidan et al[16] have reported that lipid peroxidation was highly
correlated with the severity of pancreatitis but not a good
predictor of it. This discordance may be due to different method
of measuring lipid peroxidation and study design.
     In our study, the level of SOD activity, enzymatic scavenger,
was significantly decreased in the plasma of patients with
acute pancreatitis, and although not significant, it was related
to the severity of acute pancreatitis. The effects of antioxidant,
such as vitamins C and E, in experimental models have been
reported[11,13,14]. However, the results have varied according to
different models. Because in these most studies, antioxidant
therapy was performed before acute pancreatitis was induced,
the results were unlikely to be applied to clinical conditions.
As well, the therapeutic effect of antioxidants and radical
scavenger in patients has not been demonstrated yet.
     There was no difference of oxygen free radicals between
alcohol-induced pancreatitis and gallstone pancreatitis in our
study. In many various experimental models and patients with
acute pancreatitis, oxygen free radicals have been related to
the disease[2,15,24,25]. Thus in our opinion, the role of oxygen
free radicals may not be different no matter what the etiology
of the disease is.
      In conclusion, oxygen-derived free radicals may be closely
associated with inflammatory process and the severity of acute
pancreatitis, and the plasma level of LPO is a meaningful index
for determining the severity of the disease.
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